A b s t r a c t: The sensitivity of different Barber filters is investigated. It has been found that the sensitivity depends on the orders of the filters and on the types of the applied approximations. The sensitivity of the Barber filters does not change essentially by increasing the order of the filter, as is shown in the paper.
INTRODUCTION
Continual development of performance requirements towards a precision and stability of filter characteristics motivates the need to search for new systems and a profound analysis of existing systems where it is possible to realize the prescribed requirements on a disposable elementary base.
This article deals with sensitivity of the filters the block diagram of which was considered for the first time by N. F. Barber ( Fig. 1 ) and published in 1947 [1] . In his honor, they are called Barber filters. These filters were studied by Franks and Sandberg, [3] , Madella [4] , Kustov and Lundin [5] , Langer [6] , Möhrmann und Heinlein [7] , Rigby [8] , Kongelbeck and Szentirmai [9] , but there have not been any studies in the last two decades. The reason for this can be found in their complex structures if they were realized with discrete elements. Nowadays, in view of the enormous development of technology, the realization of the Barber filters has become much simpler. Nevertheless, there is still a lack of basic understanding of these filters.
The next paragraph contains the material of the Barber bandpass filters and describe their transfer functions. Particular attention is paid to the sensitivity analysis if various approximations and filter orders are used. The third paragraph is structured similarly like the previous paragraph, but the Barber lowpass filters are considered. The goal of the comparison between Barber filters and traditional active filters, derived in the fourth paragraph, is to show the difference in sensitivity. In the last paragraph the advantages of the Barber filters are elicited.
BARBER BANDPASS FILTER

A. Transfer function of Barber bandpass filters
A Barber bandpass filter transfer function is presented in [2] 
where A 0 , A 1 , … , A n are coefficients of approximation. In this case a Barber bandpass filter transfer function will be ( )
With p = jω and Κ = 1, from Eq. (3) we obtain the network function:
In case that n is an even natural number, from (4) follows:
and if n is an odd natural number (4) 
To simplify the writing of the expressions, we have introduced the following substitutions:
From (5) and (7) we obtain the magnitude and the phase of the transfer function respectively: and from (6) and (7), (10) and (11) are obtained: (11) Figure 2 shows the amplitude -frequency responses and Fig. 3 shows the phase -frequency responses of the fourth-order Barber bandpass filter for various modulating frequency values. For the inner filter transfer functions the Butterworth approximation is used. Analyzing expressions (8) and (10) The phase -frequency behavior characteristic of the Barber bandpass filter differs from the corresponding active filter PhFC. This difference is considerable for low values of modulation frequency. Besides, at the modulation frequency, the value of Barber bandpass filter PhFC differs from zero. This difference decreases when the modulation frequency and the order of filters increase. 
From (9) at ω = Ω, the following is true:
The same result can be obtained if the relations (10) and (11) are considered.
The above analysis shows that from the choice of modulation frequency Ω and approximation type of inner filter transfer functions, the required form of Barber bandpass filter frequency characteristics can be obtained.
Generally, a computation of filter sensitivity characteristics can be made in two steps. At the first step, the influence of instability of approximation transfer function coefficients is determined. At the second step, approximation coefficient sensitivity is determined by changes of elements realizing these coefficients.
Figs. 6, 7, 8, 9, 10 and 11 show graphically the magnitude and the phase sensitivity obtained as the results of the first step of the sensitivity computation because the second step makes sense when a filter device operates. Analysing the above graphs it is obvious that the magnitude and phase sensitivity do not depend on modulation frequency Ω. Increasing the Barber filter order, the transfer function magnitude sensitivity with respect to approximation coefficients, increase in a passband. This increasing depends on the definite coefficient and an approximation type, but it is minor.
Increasing a filter order, phase sensitivity according to changes in the approximation coefficients does not increase considerably. 
BARBER LOWPASS FILTER
A. Transfer function of Barber lowpass filters
In case of the higher-order Barber lowpass filters, an influence of additional zeros is so strong that they greatly deform filter characteristics. For this reason it does not make sense to consider Barber lowpass filters with the order higher than two.
Barber lowpass filter transfer function is given in [2] (page 141).
Using equation (2) and assuming n = 1, A 0 = 1, A 1 = T, the Barber lowpass filter transfer function of the second order is obtained directly from (17):
In this case a quality factor Q is
If κ = 1 and p = jω, the magnitude and the phase are respectively ( )
Considering T = f(Q) from (19) and using frequency normalization 
In this case it is useful to take into consideration the transfer function sensitivity with respect to time constant T. The choice of this parameter can be explained by the fact that in filters, especially variable ones, the value of the time constant is the most unstable quantity.
It is convenient to introduce the following substitutions: where κ = 1.
For comparison purposes the following relationships may be deduced: Similarly, a comparison between the second order Barber lowpass filter and the second order active lowpass filter that corresponds to the same performance requirements will be made. For the purpose of the transfer function of the second order active lowpass filter will be used as follows: . ) ( It is obvious that for low values of the Q-factor, it is not possible to obtain a great advantage with respect to the stability characteristics in the passband of the second order Barber lowpass filter.
Experimentally and theoretically obtained results were in good accordance in bread range of changes Q, ω, T and Ω.
CONCLUSION
The Barber filters described in this paper have a low sensitivity. That is a basic condition for use of them in measurements in moving objects, for example, in aeroplanes, in satellites, in rockets etc. Applications of these filters make possible the creation of filter systems containing many channels with identical AFC and PhFC which have a high stability and can be simply controlled by changing the modulation function. That insures highly effective filtering. As can be seen from the presented material, their most appropriate function is to use them as bandpass filters. At the same time the Barber filters represent examples of how systems of high selectivity with lower Q circuitry can be obtained.
